We conducted a survey and semi-structured qualitative interviews to investigate current anaesthetic practice for arteriovenous fistula formation surgery in the UK. Responses were received from 39 out of 59 vascular centres where arteriovenous access surgery is performed, a response rate of 66%. Thirty-five centres reported routine use of brachial plexus blocks, but variation in anaesthetic skill-mix and practice were observed. Interviews were conducted with 19 clinicians from 10 NHS Trusts including anaesthetists, vascular access and renal nurses, surgeons and nephrologists. Thematic analysis identified five key findings: (1) current anaesthetic practice showed that centres could be classified as 'regional anaesthesia dominant' or 'local anaesthesia/mixed'; (2) decision making around mode of anaesthesia highlighted the key role of surgeons as frontline decision makers across both centre types; (3) perceived barriers and facilitators of regional block use included clinicians' beliefs and preferences, resource considerations and patients' treatment preferences; (4) anaesthetists' preference for supraclavicular blocks emerged, alongside acknowledgement of varied practice; (5) there was widespread support for a future randomised controlled trial, although clinician equipoise issues and logistical/resourcerelated concerns were viewed as potential challenges. The use of regional anaesthesia for arteriovenous fistula formation in the UK is varied and influenced by a multitude of factors. Despite the availability of anaesthetists capable of performing regional blocks, there are other limiting factors that influence the routine use of this technique. The study also highlighted the perceived need for a large multicentre, randomised controlled trial to provide an evidence base to inform current practice.
Introduction
Guidelines from the UK Renal Association and European Society for Vascular Surgery recommend an autogenous arteriovenous (AV) fistula as the primary option for vascular access for haemodialysis [1, 2] . A well-functioning AV fistula is associated with the lowest health and economic burden for patients on haemodialysis [3] . However, AV fistula failure rate is very high at around 50% at one year [4] [5] [6] [7] .
It has been postulated that since regional anaesthesia (RA) nerve blocks may increase vasodilation and blood flow during AV fistula creation, they improve fistula success [8, 9] .
A systematic review and meta-analysis from four single-centre randomised controlled trials (RCT) showed that the use of RA nerve blocks for AV fistula surgery was associated with improved AV fistula patency compared with local anaesthesia (LA) [10] . Despite the promising results, all the included studies had limitations. They reported surrogate outcomes (patency or flow rates) and lacked longer term follow-up or any cost effectiveness analysis. Administration of RA blocks requires the presence of an appropriately-trained anaesthetist and takes longer than LA [11] . Although the available evidence points towards RA being beneficial, only a large multicentre RCT can provide enough evidence with which to change guidelines and practice. This recently prompted a commissioned call from the National Institute for Health Research Health Technology Assessment Programme to fund a trial to investigate the clinical and cost effectiveness of RA vs.
LA for primary AV fistula formation surgery [12] . UK Renal Association guidelines on vascular access for haemodialysis do not include recommendations on anaesthetic technique, and the recent European Society for Vascular Surgery guidelines recommend that RA should be considered in preference to LA based on conflicting, Level B evidence [1, 2] .
Data on the mode of anaesthesia used for AV fistula formation in the UK are sparse and practice is believed to vary significantly across UK hospitals. There is also limited understanding of the reasons underpinning current practice.
Qualitative research methods are integral to understanding practice in complex clinical environments and have been used to inform prospective clinical trial design to enhance relevance and feasibility [13, 14] . The aim of this study was to conduct a targeted survey followed by in-depth qualitative interviews to investigate current anaesthesia practice for AV fistula formation surgery in the UK.
Methods
We undertook a survey and qualitative study in parallel [15] .
An online survey for anaesthetists collected descriptive information about current RA practice for AV fistula formation surgery. Completion of the survey was taken as a proxy for informed consent. Qualitative interviews sought to explore anaesthesia practice in greater depth and uncover insights not captured in the survey. Ethical approval for the qualitative work was granted by the University of Bristol Faculty of Health Sciences Research Ethics Committee. All interview participants provided oral or written consent. Data integration occurred during the interpretation phase after both quantitative and qualitative data analyses [15] .
We designed an electronic survey consisting of a series of questions to identify baseline characteristics; anaesthetic options currently used for AV fistula surgery; competence and practice with regard to brachial plexus blocks; hospital logistics influencing anaesthetic practice and interest; and perceived barriers, for participating in a randomised controlled trial to test the clinical and cost effectiveness of RA vs. LA for AV fistula surgery (Box 1 and see Supporting Information, Appendix S1). The initial survey questions were developed with the Bristol University Clinical Trials and Evaluation Unit, with input from experienced vascular access anaesthetists as well as trialists, nephrologists, vascular surgeons, a renal nurse and patients. 3); 'no regular anaesthetist available to perform a block' (3); 'lack of facilities' (1) and 'no robust evidence to support . . . advantages' (1) ( Table 1 ).
The survey data indicated considerable variation in the preferred approaches for brachial plexus blocks at different centres. When asked specifically about supraclavicular blocks, 14/35 centres (40%) reported using this approach for the majority of radial AV fistula formation surgery. For brachial AV fistulas, 18/35 centres (51%) used supraclavicular blocks for most patients. Alternative approaches were described by 29 centres, most commonly axillary blocks (26/29). In patients where RA block provides insufficient anaesthesia, the most common way of proceeding was supplemental LA infiltration at the operating site, followed by conversion to GA ( Table 2) .
Interviews were conducted with 19 clinicians from 10 NHS Trusts ('centres') that perform vascular access surgery.
The centres included large regional transplant centres and small district general hospitals across England and Wales.
The sample of informants comprised seven anaesthetists (from six centres), seven vascular access and renal nurses Five key themes and 11 subthemes (Table 3) In the LA/mixed centres, informants tended to report the de facto use of LA for straightforward cases, with GA considered as the next option if LA was deemed inappropriate (see also Supporting Information, Appendix S3 (T1, quote 1)). In some of these centres, RA would reportedly feature more in the decision making if patients were being considered for GA (see also
Supporting Information, Appendix S3 (T1, quote 2)). RA was often described as a consideration for patients who were clinically unsuitable for GA due to comorbidities (see also Supporting Information, Appendix S3 (T1, quotes 3-5)). In RA-dominant centres, LA was used for radiocephalic cases or the first radiocephalic case on the list. GA use was infrequent and restricted to patients who were highly anxious or those with learning difficulties. What is the most common way of proceeding when a regional anaesthetic block is not providing sufficient anaesthesia? b Information, Appendix S3 (T2, quote 6)). Informants from some centres reported surgeons' tendencies to list patients specifically for RA or GA. There were mixed views around how well this worked in practice; whereas one anaesthetist felt their T2, quote 9) ). Some anaesthetists did report an active role in decision making between GA/RA earlier in the pathway, in collaboration with the surgeon (see also
Supporting Information, Appendix S3 (T2, quote 10)).
Theme 3: barriers and facilitators of regional block use
Interviews explored informants' perspectives on the reasons underpinning current RA provision (or lack thereof), leading to accounts of perceived barriers and facilitators to RA use across three recurring subthemes.
In the LA/mixed centres, informants often discussed surgeons having a preference for LA by default, based on satisfaction with outcomes, as well as increased ease and efficiency (e.g. see Supporting Information, Appendix S3
(T3, quote 1)). These were key considerations, given the In alignment with survey findings, interview informants holding a range of roles often referred to lack of facilities and resources as obstacles to more widespread RA use.
There was a tendency for professionals from LA/mixed centres to highlight the barriers to increasing RA, including personnel, logistics and financial considerations (see also
Supporting Information, Appendix S3 (T3, quotes 7-9)). In contrast, RA-dominant centres did not report local issues around resource use. One consultant noted improved regional block list efficiency when supported to manage theatre and anaesthetic room patients simultaneously (see also Supporting Information, Appendix S3 (T3, quote 10), although another described a negative impact on 'turnaround time' due to space issues (see also Supporting
Information, Appendix S3 (T3, quote 11)).
Clinicians from a range of specialities recognised the importance of patient preferences in shaping practices.
Anaesthetists, in particular, commented on a tendency to discuss options with patients (see also Supporting
Information, Appendix S3, (T3, quote 12)). Key factors thought to influence shifts towards RA included patient discomfort and anxiety undergoing LA (particularly for reoperations) and some having preference to avoid GA on hearing about other patients' positive experiences (see also
Supporting Information, Appendix S3 (T3, quotes 13 and 14)). Information, Appendix S3 (T5, quote 6)). Loss of theatre efficiency and the potential disruption caused by randomising as close to intervention delivery as possible were cited as factors which could potentially impact support for a trial (see also Supporting Information, Appendix S3
(T4, quotes 7 and 8)).
Discussion
The results of this study show that anaesthesia practice for AV fistula formation surgery across 39 vascular centres in the UK is varied and influenced by a multitude of factors.
Our survey demonstrated significant variation in the preferred approach for brachial plexus block. Although a previous RCT [11] used mainly supraclavicular blocks as the habit, practicalities and norms [18] . This also showed variation in practice in choosing modes of anaesthesia and significant uncertainty regarding the effects of different anaesthesia types on post-operative outcomes [18] .
The qualitative interviews highlighted the multispecialty care of these patients (renal, surgical and anaesthesia), and centre by centre variations in the timing and nature of how these professionals interact with patients in the lead up to AV fistula surgery. A particular concern amongst 'LA/mixed dominant' centres was the additional time required to deliver blocks and, thus, efficient processes and good communication between surgical and anaesthesia teams will likely be paramount to the success of a future trial. Although qualitative research is useful for illuminating possible barriers to future clinical trial conduct, there is a possibility that actual barriers encountered may be different. It would, therefore, be useful to embed mixed methods research in such a trial from the beginning, to rapidly identify new barriers and respond to these to optimize recruitment. The QuinteT Recruitment Intervention [19] is one such approach, and has been applied to over 35
RCTs, with promising evidence of improving recruitment [20] . It entails rapid investigation of recruitment processes through mixed methods [21] , to determine the real (rather than hypothetical) factors that compromise recruitment.
These insights are then used to inform the design and delivery of strategies to overcome recruitment issues as the trial is underway.
We recognise that this study has a number of limitations. The survey methodology required only one anaesthetist to respond on behalf of a centre. Anaesthetists were approached and asked to consult colleagues and provide a consensus approach on behalf of their centre.
This could mean the reporting is vulnerable to bias and may not fully represent the practice and views of all anaesthetists working in that centre. We did not interrogate the use of ultrasound or the practice around contraindications for RA blocks, as these practices are informed by recent guidelines from the Association of Anaesthetists and the European Society of Anaesthesia [22, 23] . A recent study from our group conducted detailed interviews with patients about mode of anaesthesia as an intervention and showed that patients are amenable to further prospective clinical research, particularly as an exploration of the effects of different modes of anaesthesia on patient outcomes after surgery may provide evidencebased guidance for clinical decision making [18] .
In conclusion, we have shown that the use of brachial plexus blocks for AV fistula formation across multiple centres in the UK is varied and influenced by a multitude of factors and that, despite the availability of anaesthetists capable in performing regional blocks, there are other limiting factors that influence the routine use of this technique.
